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ABSTRACT: Two diﬀerent versions of “big ideas” rooted content maps have
recently been published for general chemistry. As embodied in the content outline
from the College Board, one of these maps is designed to guide curriculum
development and testing for advanced placement (AP) chemistry. The Anchoring
Concepts Content Map for general chemistry from the ACS Exams Institute is a
component of a larger content map for the four-year undergraduate curriculum. This
article compares the structure and content in these two maps to provide perspective
on the current nature of the general chemistry curriculum. This contribution is part of
a special issue on teaching introductory chemistry in the context of the AP chemistry
course redesign.
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■ INTRODUCTION
The past several years have seen an increase in interest about
how student understanding is measured via testing in many
topics, including chemistry. Because students routinely take
cues from testing to identify what matters in a course,1 this
renewed emphasis on content analysis appears to be timely.
Chemistry enjoys an important diﬀerence from other science
subjects because it has maintained a long tradition of nationally
normed exams via the American Chemical Society Examina-
tions Institute (ACS-EI). Thus, as an academic ﬁeld, chemistry
education is uniquely poised to establish context about content
associated with testing in college science courses. This unusual
position makes it possible to compare the manner in which the
recent content renewal process in AP Chemistry has progressed
with a similar eﬀort carried out by ACS-EI.
The eﬀorts by the College Board to reform the Advanced
Placement course span well beyond the chemistry course.2−5
From the outset, this eﬀort was informed by the concept of
Evidence Centered Design (ECD).6,7 As a result, there were a
number of ways in which the College Board sought to identify
key concepts that students who ﬁnish general chemistry should
know. Perhaps the most important one is known as the
Curriculum Framework and speciﬁcally the “Concept Outline”
(CB-CO) contained therein. In roughly the same time frame,
the American Chemical Society (ACS) was engaged in
exercises that could signiﬁcantly aﬀect the nature of content
coverage in the undergraduate curriculum. Starting with a
conference termed “Exploring the Molecular Vision”,8 ideas
were crafted to explore the question, “What would the
undergraduate chemistry curriculum look like if it were started
from scratch rather than the historic perspective that currently
exists?” When coupled with a new method for judging the
merits of a program for approval9 by the Committee on
Professional Training (CPT), there were a number of factors
within the ACS that suggested a new way to look at content
might be beneﬁcial to the chemistry education community.
The content map devised by the ACS-EI has been dubbed
the Anchoring Concepts Content Map (ACCM). The process
by which this map was developed has been described
previously.10 In addition, the ﬁrst two sub-disciplinary
components of the map, for General Chemistry11 and Organic
Chemistry,12 have been published. The ACCM does have some
structural similarities with the CB-CO. Moreover, it uses
descriptors such as “enduring understandings” that are
commonly associated with ECD.6,7 Nonetheless, the goal of
the ACCM diﬀers from the goals typically held in ECD.
Speciﬁcally, the ACCM is, by design, intending to provide a
map for the entire undergraduate chemistry curriculum rather
than a framework with which to more rationally design a
speciﬁc course. As such, in addition to structural similarities of
the two content maps compared here, it is not surprising that
key diﬀerences also arise.
It may also be important to realize that both within the
U.S.13 and internationally14,15 there is interest in understanding
learning beyond the content knowledge. The concept of
process skills and their importance in the curriculum represents
an additional component of the learning environment in any
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course. Such skills are incorporated into the AP curriculum as a
compliment to the content details analyzed here. The ACCM
does not, at this time, include a distinct component for process
skills. As such, little comparison of these issues is reported here.
This paper will ﬁrst describe the structural similarities and
diﬀerences of these two content maps in more detail. Next, it
will consider the chemistry content coverage embodied in the
two maps. Finally, it will oﬀer a discussion of those two
coverages with an emphasis on diﬀerences in the maps and how
the assessments associated with them may, or may not, share
the same level of diﬀerences. The ACCM has been available to
the chemistry education community for nearly two years, so
there have been suggestions for improvement. A revised edition
of the ACCM has been completed, and a description of this
revision will be submitted to The Journal. The revised edition
of the ACCM coincidentally addressed a small number of the
mismatches between it and the CB-CO. As such, the
comparison here uses the updated version of the ACCM with
an expectation that this update will be available to the chemistry
education community soon after the special edition with papers
related to the new AP Chemistry curriculum published.
■ STRUCTURAL COMPARISON OF MAPS
Because the two eﬀorts to map the curriculum being compared
here ultimately have diﬀerent objectives, diﬀerences in structure
between them should be expected. Most importantly, the AP
content map is, by design, intended to direct the development
of a curriculum and the test that will meaningfully assess
student learning within that curriculum. The ACCM, by
contrast, is designed to encompass a potentially wide ranging
set of permutations of the basic general chemistry curriculum as
reﬂected in the cooperatively developed16 ACS exams for this
course. The ACCM is, therefore, intentionally broader than
might be expected to be included in the content map of a single
and speciﬁcally designed course curriculum. The essential
components of the two maps, viewed as levels with upper levels
more granular than those below them, is presented in Figure 1.
The most apparent structural diﬀerence in the two maps is
that the ACCM formally has an additional level of descriptors.
This observation arises from the intention of this map to work
as an organizational theme for the entire, four-year, under-
graduate curriculum for chemistry. As such, the ACCM is
designed to have the top two levels (anchoring concepts and
enduring understandings) span the full four years. No single
course within that time frame of studies extensively covers all
enduring understandings embodied in level 2. As a result, it
becomes important that an additional level is available to
instructors who teach any given course that is in the map to
articulate how those enduring understandings are incorporated
in that course. This level is referred to as the “sub-disciplinary
articulation” step in the ACCM, and it represents the
component of the map where the most input from educators
has been sought and incorporated in the map. For content
comparison purposes below, the consideration will be matched
at level 2, the enduring understandings. Nonetheless, it is
important to note that the information at lower levels of the
map can be, and often is, used for deciding the overlap of
concepts.
Although the sub-disciplinary articulation component
provides a diﬀerent foundational approach for the ACCM, it
is also clear that the complete document of the CB-CO does
include a fourth level of content description granularity.
Essentially, the importance of specifying some detail in the
course curriculum for AP Chemistry enforces a requirement for
considerable detail of content. Thus, to the extent that there are
additional descriptive passages in the Concept Outline, they
usually carry more detail than the fourth level of “content
details” in the ACCM.
A ﬁnal component of the comparison of the two structures
that merits attention is that, even at the big ideas level of the
maps, there is room for diﬀerences in the deﬁnition of big.
Indeed, early conversations about the top level of the content
maps involved attempts to quantify just how widely
encompassing that level should be. Somewhat colorful
conversations about the diﬀerence between “big” ideas and
“ginormous” ideas in chemistry played an important role in the
initial framing of the goals and capabilities of the content
mapping exercises when they occurred. In the end, the two
maps did construct big ideas that encompassed similar levels of
description of the content of chemistry. Nonetheless, with a
single course curriculum in mind, the CB-CO of the AP exam
spans a somewhat smaller range of content topics. In addition,
the role of experimental evidence is handled diﬀerently between
the two maps, with the ACCM adding a level 1 big idea about
the role of experiments, while the CB-CO includes
experimental evidence within each of the six big ideas, some
more than others.
■ CONTENT COMPARISON OF THE MAPS
The content comparisons between the general chemistry
ACCM and the CB-CO are also important to consider.
Overall, there are many overlaps, but with diﬀerent goals, there
are diﬀerences in the way the content is organized, as well. This
can be seen visually by considering the connections as depicted
in Figure 2.
When looking at the matchups in this ﬁgure, it is important
to remember that the ACCM is not designed to constrain the
curriculum for a course, while the Concept Outline takes
signiﬁcant pains to address not only what is present in the
course but also what is not included. The ACCM is designed to
over specify the possible content in general chemistry. This is
needed because the ACS-EI produces an array of tests for
general chemistry, including full-year, ﬁrst term, second term,
and conceptual exams. The ACCM is designed to incorporate
the coverage of any general chemistry exam produced by ACS-
EI and therefore has more topics associated with it than the
single course Concept Outline for AP chemistry. The goal of
having the ACCM cover the entire undergraduate curriculum
also leads to a diﬀerence in organization at the top levels of the
map, accounting for the fact that there are 10 anchoring
concepts as compared to 6 big ideas in the CB-CO.
Figure 1. Comparison of the levels of the two maps. Level 1 has a
similar, “big idea” granularity; level 2 of the CB-CO corresponds to 2
levels within the ACCM, and the bottom level (3) of the CB-CO map
has more components than level 4 at the bottom of the ACCM.
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Table 1 provides an estimate of content matches between the
two maps at the second, or enduring understanding, level of the
map using the numbering systems of each map. The six big
ideas from the CB-CO form the primary organizational
structure, and column A in each big idea identiﬁes the number
of the CB-CO while column B identiﬁes the ACCM content.
This format for the table is chosen speciﬁcally to highlight the
big ideas in the CB-CO. While it would be possible to produce
a mirror-image table beginning from the ACCM, the additional
information to be gained appears to be modest when compared
with the additional space required to present the information.
Looking at this table reveals that, in most cases, the content
identiﬁed in the CB-CO is also identiﬁed in the ACCM. More
exceptions arise within the big idea associated with Energy and
Thermodynamics than any other topic because three topics in
the CB-CO do not have corresponding statements in the
ACCM. The statements associated with 5.A within the CB-CO
are those that deﬁne the concept of temperature in a
thermodynamic sense. While these statements are certain to
be incorporated in the Physical Chemistry version of the
ACCM, they have not been articulated for General Chemistry,
nor have there been test items on general chemistry exams from
ACS-EI that would map to these statements. This particular
diﬀerence, however, likely points to a topic that merits attention
in general chemistry in order to foster deep understanding of
the connections between the particulate and macroscopic levels
of chemistry.
The remaining mismatch within the energy big idea includes
5.D.2, which notes that the concepts of physical changes versus
chemical changes can be distinguished in terms of the nature of
the electrostatic forces involved in the processspeciﬁcally
chemical bonding or intermolecular forces. This is arguably a
clever way to bridge an artifact of the K-12 physical science
curriculum and college level general chemistry. The science
curriculum in many school districts includes having students
distinguish between physical and chemical change, and this
particulate understanding of those diﬀerences reﬂects the goal
of deeper understanding that drove the development of the CB-
CO. This statement is, however, a relatively new way to frame
this deeper understanding, so it has not arisen within the
development of the ACCM.
Aside from the Energy big idea, there are two additional
statements in the CB-CO that have no clear counterpart in the
ACCM. 1.D.1 is a statement stressing the nature of models and
their use in building understanding in science. As was true in
some of the cases noted earlier about energy, this is a statement
that reﬂects the goals of the College Board to promote deeper
conceptual understanding. There are a few places within the
ACCM that the nature of a model is noted, such as the Bohr
Model of the atom, but in none of these cases is the content
designed to accentuate the nature of models in building
scientiﬁc understanding. Moreover, a recent alignment exercise
conducted at ACS-EI has found no test items from ACS exams
that seek to measure this level of understanding of the nature of
models in the past 20 years.
The statement of 6.C.2 speaks to the importance of
equilibrium and equilibrium constants in biological contexts,
speciﬁcally as it relates to pKa. This is another example of the
desire to add depth of conceptual understanding to the new AP
curriculum. Anecdotal evidence derived from conversations
with professors who teach organic chemistry suggests that
students do indeed struggle with the concept of pKa and its
importance, so the elevation of this topic within the CB-CO
seems appropriate and timely. Nonetheless, this concept has
not commanded signiﬁcant attention within general chemistry
to date and, as a result, was not incorporated in the general
chemistry portion of the ACCM at this time.
Beyond this handful of content that appears in the CB-CO,
the other key distinction is associated with the manner in which
some topics are incorporated in the two maps. Only one of the
big ideas, equilibrium, is covered by both maps within a single
level 1 area (equilibrium). Two other big ideas, Kinetics and
Energy, have only one statement in the CB-CO that is found
outside the corresponding big idea within the ACCM.
Reactions (big idea 3 within CB-CO) also maps to two big
ideas within the ACCM with the energy statements about
reactions found there mapping into the Energy related big idea
of the ACCM rather than reactions. The big idea on Materials
and Forces (labeled “Interactions” for brevity in Figure 2)
within the CB-CO maps to three diﬀerent big ideas in the
ACCM. Finally, the big idea on Atoms within the CB-CO maps
to statements found in four diﬀerent big ideas in the ACCM.
Looking in the “other direction” for items that appear in the
ACCM but not the CB-CO shows some additional attributes of
the two maps, as well. In particular, there are two key reasons
why level 2 statements in the ACCM do not map to the CB-
Figure 2. Content comparison between the CB-CO and the ACCM.
In some cases, overlap in content between “big ideas” is quite large,
while other cases show a greater diversity where content is located
within the map.
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CO. First, the ACCM includes some concepts that the CB-CO
argues are prior knowledge for the AP chemistry course. For
example, interpreting phase diagrams are noted as prior
knowledge, but a statement about phase diagrams and phase
equilibrium is present in the Equilibrium big idea in the
ACCM. Second, there are enduring understanding (level 2)
statements in the general chemistry ACCM that have little or
no further elaboration in the sub-disciplinary articulation
category. Thus, concepts such as symmetry and chirality that
are clearly important through the four-year undergraduate
curriculum and are thus in the ACCM have relatively little
impact in general chemistry. In most cases, these level 2 ideas
do not have any sub-disciplinary articulations in the general
chemistry map. Thus, the number of signiﬁcant diﬀerences in
“the opposite” direction for the map comparison is also fairly
modest.
One additional diﬀerence between the maps is apparent
when looking at Figure 2 because there are no connections to
Anchoring Concept 10 (Visualization) in the ACCM. This
anchoring concept includes explicit consideration of concepts
of scale and of how chemical systems are represented, as well as
graphical depictions of chemical data and concepts. As such, if
the science practices component of the CB-CO was included,
there would be a number of connections to this anchoring
concept. Because of the way that the science practices are
combined with content in the CB-CO, and called out separately
within the ACCM, this comparison did not seem apt for the
current exercise, but this does not imply that overlap is non-
existent.
These diﬀerences in where topics fall likely reﬂect the
broader mandate of the ACCM. For the Content Outline, the
focus on a single course allows for connections to be made
across big ideas (such as reactions and energy). Given the
expectation that the ACCM will serve as a template for
longitudinal assessment plans, the need to provide a more
robust segmentation of the topics becomes apparent. For
example, if student understanding of energy concepts becomes
the focus of a departmental assessment plan, the ability to
locate the testing results about energy within a single big idea
across any submap of the ACCM becomes more important.
There is no other implied hierarchy within either of these
content maps. Big Idea 1 is not intended to be the most
important big idea, for example. Thus, the fact that some
concepts arise in diﬀerent areas of the two maps is not a
particularly unreasonable aspect of these two systems for
organizing the content of general chemistry.
■ SUMMARY
The recent release of two content maps for general chemistry
provides an opportunity to look at the curriculum for this
course by comparison of these maps. Both the ACCM from the
ACS Exams Institute and the CB-CO from the College Board
strive to accomplish more than organize the content. Most
importantly, these maps are designed to provide a means by
which testing information about student understanding in
general chemistry can be understood. Nonetheless, additional
value is added by envisioning a diﬀerent perspective on the
materials commonly taught in general chemistry. Neither map
was constrained by a chronological view of topics commonly
taught. As such, both provide an opportunity for educators
(and assessment researchers) to consider the depth of
conceptual understanding promoted by the course. The
hierarchal organization of both maps is no accident in this
sense.
Beyond these initial goals, it is also important to recognize
that the content coverage suggested by the two maps is rather
Table 1. Comparison of Enduring Understanding Level of Contenta
aColumn A identiﬁes content in the CB-CO, and column B identiﬁes content in the ACCM.
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similar. Indeed, the diﬀerences are modest enough that it is
possible to essentially discuss all of them within a comparison
such as this one. With the extent of the maps, discussion of the
similarities instead would be long enough as to likely be
tiresome. This overall correspondence between the two systems
tends to show that big ideas within chemistry, even when
identiﬁed by separate groups of chemical educators, are fairly
robust in terms of their identity. As such, these separate
exercises in constructing content maps ultimately illuminate the
key conceptual underpinnings of the ﬁeld of chemistry. Thus, it
is arguable that the similarities between the maps represent the
most important consideration of this work.
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